Investigations of the distribution of benthic macroinvertebrates in Lake Czarne were conducted in fall 2005 and spring 2006. Samples were taken in three transects (at a depth of 0.5 m and at 5 m intervals).
INTRODUCTION
The concentration of dissolved oxygen is one of the most important factors affecting the spatial distribution of animals in fresh waters. The habitats with most organisms occur in well-oxygenated parts of water ecosystems while zones with temporary oxygen deficits are inhabited usually only by a few species of animals able to sink into an anoxibiotic state (Lampert and Sommer 2001) . The diversity, density, and biomass of benthic macroinvertebrates in lakes depend on many environmental factors, including food quality and quantity, predatory pressure, the architecture of submerged macrophytes and physicochemical water conditions including pH, temperature, and water turbidity (Kajak 1988 , Jonnason 1996 , Galas 2004 . However, oxygen concentrations are usually considered to be the main factor regulating benthos abundance (Tarkowska-Kukuryk 2004) .
The oxygen concentration in lake ecosystems is very heterogenic. Local oxygen deficits are characteristic for lake environments (Lampert and Sommer 2001) , but oxygen depletions in lake habitats are usually temporal.
Meromictic lakes are unique ecosystems, and because of the lack of mixing in all water profiles (even in periods of homothermy), their waters have specific physicochemical properties. Three specific water layers develop in such reservoirs. In the surface layer, the mixolimnion, typical water circulation occurs and the water is rich in oxygen. The deep layer, monimolimnion, has permanent anoxic conditions due to the lack of circulation. These two layers are separated by the chemocline, in which rapid and sharp gradients of physical and chemical parameters of water occur (Kajak 2000 The aim of the study was to identify the vertical distribution of benthic marcroinvertebrates in meromictic Lake Czarne, and to determine the relationship between the oxygen conditions of the subbottom waters and the quality and quantity of the benthic animals.
MATERIALS AND METHODS
Lake Czarne is situated in the southern part of Drawieński National Park. The lake surface area is 19.6 ha and maximal depth is 29 m. The steep slopes of the lake basin ( Fig. 1 ) result in a high average depth of 11.2 m. The lake has a temporary outflow that leads to a natural small depression where waters infiltrate underground aquifers. The catchment area of the lake is 25.8 ha and is covered by coniferous forest. The catchment slopes incline significantly.
The results of the investigation of the lake's trophic state (according to OECD and Carlson's index) indicate that the water is on the border between oligotrophic and mesotrophic (Kraska et al. 2001 (Kraska et al. , 2006 .
Based on oxygen concentrations in the waters of Lake Czarne, specific water zones were identified that are characteristic of meromictic lakes, as follows: the mixolimnion zone where water mixes (rich in oxygen) that extends from the lake surface to a depth of 9-17 m, depending on the season; the chemocline zone where there is a rapid decrease in oxygen concentration that extends from depths of 10 m to 13 m in summer/fall and from 16 m to 19 m in winter; the monimolimnion anoxic zone that does not mix during homothermy and extends from a depth of 13 m to 29 m in summer/fall and from 19 m to 29 m in winter/spring. (Kraska et al. 2006; Klimaszyk et al. 2005 Klimaszyk et al. , 2006 Investigations of the distribution of benthic macroinvertebrates in Lake Czarne were conducted in fall 2005 and spring 2006. Samples were collected in three transects (Fig. 1 ) from a depth 0.5 m to the deepest point of the lake at intervals of 5 m. In the littoral zone (0.5 m depth), a core sampler was used to collect sediments, while an Eckman-Birge sampler was used at the deepest sampling sites. 
RESULTS AND DIS CUS SION
According to long-term investigations of oxygen conditions (measurements were performed in the deepest part of the lake) (Kraska et al. 1999 , the lack of macrozoobenthos from depths below 19 m were expected since oxygen had been depleted for years in the deeper layers of the water. However, investigations showed that macrobenthos in meromictic Lake Czarne only inhabits depths to 10 m. Neither in fall nor spring was any macrozoobenthos noted at depths from 15 to 29 m. Laminar sediments from the azoic part of the lake bottom show that for many years macrobenthos have avoided the deepest parts of the lake. The reason for this may be the poor oxygen conditions in subbottom waters below a depth of 10 m. The current study revealed that at depths below 12 m the oxygen saturation in subbottom water during fall mixing was only about 3%.
The largest diversity (31 taxa), density, and biomass of macrozoobenthos were observed in the littoral zone at the depth of 0.5 m, where the proximity of the water surface and the presence of autotrophic organisms provide high oxygen concentration throughout the year. In this zone, the mean density of the benthos was 768.3 ind. m -2 in fall and 812.7 ind. m -2 in spring. The mean biomass of the benthos was the highest in the littoral zone at 152.6 g m -2 . In fall, insect larvae dominated in the shallowest part of the lake. These were mainly the larvae of dipterans Chironomidae, Chironomus f.l. plumosus (536 ind. m -2 ) and the larvae of mayflies Leptophlebia marginata/vespertina (269 ind. m -2 ). The zebra mussel, Dreissena polymorpha, co-dominated at a mean density of 433 ind. m -2 . In the sample taken in the spring of the following year, the most frequent species was Dreissena polymorpha, which reached 460 ind. m -2 . Chironomus f.l. plumosus reached a density of 253 ind. m -2 . Caenis maesta predominated among Ephemeroptera (161 ind. m -2 ), and the total number of mayflies was 207 ind. m -2 . Both the density ( Fig. 2A) and biomass (Fig. 2B ) of macrozoobenthos in the littoral zone were statistically higher than at the other sampling points (Table 1) . At a depth of 5 m, among dense Chara stands, the taxonomical diversity of zoobenthos was lower (22 taxa), compared to that in the littoral zone (Table 2) , as were density and biomass (Fig. 2) . Considering the role of charophytes in macrozoobenthos distribution, it is worth pointing out that dense stands of Chara plants may deliver oxygen to the anaerobic layers of bottom sediments (Kufel and Kufel 2002) and deny benthos-feeding fish access to the sediments (Barko and James 1998) . On the other hand, on a diel scale, high oxygen fluctuations (with oxygen depletion during the night) were observed under the canopy of Chara plants ( Kuczyńska-Kippen and Klimaszyk, 2007) . Temporary Fig. 2 . Density (a) and biomass (b) of benthic macroinvertebrates in Lake Czarne.
Table 1
Statistical significance (U-Mann Whitney test) of differences in benthos density and biomass between the investigated sampling stations. Table 2 Occurrence of macrozoobenthos in Lake Czarne (F-fall, S -spring). (Chick and McIvor 1994, Miranda et al. 2000) has been reported in the literature.
Independent of season, the zoobenthos at the depth of 5 m was dominated by Chironomidae larvae (mainly from the subfamilies Tanypodinae and Orthocladinae). The mean density of midges ranged from 75 in spring to 45 ind. m -2 in fall. Other insects that occurred at lower densities were mayflies (mainly Cleon) at 20 ind. m -2 and dragonflies at 15 ind. m -2 . In fall and spring, the second dominating taxon was the zebra mussel, which reached a density of up to 30 ind. m -2 . Snails were represented mainly by Potamopygrus antipodarum at a density of 10 ind. m -2 . Sediments at the depth of 10 m were inhabited only by Chironomidae (mainly Chironomus plumosus) and Oligochaeta (mainly Tubificidae), which are taxa that are resistant to temporary anoxic conditions. The mean density of midges ranged from 42 ind. m -2 in fall to 24 ind. m -2 in spring. The densities of oligochaets were much lower (at a mean of about 7 ind. m -2 ) and reached only 22 ind. m -2 . The taxonomic structure of macrozoobenthos at this station was similar to that found in the profundal part of lakes with temporary anoxic conditions (Kajak 1988 , Mielewczyk and Domek 1994 , Heymann et al. 2006 .
